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Abstract

As a series of 8- to 10m class telescopes come into operation worldwide, the scientific challenges these
instruments do arealy address together with their spacebased counterparts, imply that the increase in light-
gathering power and resolution of the next generation of telescopes will have to exceal conventional scding
fadors. Indeed, it seems unavoidable that the same progress in telescope diameter and resolution achieved
throughout the century must now be redized within at most a cuple of decales. The technologies required for
such extrapolation appea redisticdly to be within read. Large telescopes suiccesfully commissoned within the
last decade have demonstrated key technologies such as adive optics and segmentation. Furthermore, current
design methods and fabrication processes imply that the technologicd challenge of constructing telescopes up to
the 100-m range wuld, in some aiticd areas, be simpler than those underlying, two decales ago, the design and
construction of 8- to 10m classtelescopes. At system level, however, such gants are no size-extrapolated fusion
of VLT and Ked, but fully integrated adaptive systems. We daborate on the OWL concept of a 100-m telescope
with integrated adaptive optics capability, identify major conceptual differences with classcd, non-adaptive
telescopes, and derive design drivers acardingly. We dso discusscriticd system and fabrication aspeds, and the
posshble timeline for the concept to be redized.

1 Introduction

Over the past century, successve generations of ground-based tel escopes have seen their aperture increase by about a fador two
over ead generation. For more than half a century, the Hooker 100-inches and the Hale 200-inches telescope roughly set the
standard in telescope design, which virtualy all large telescope apied, until the commisgoning of the Russan 6-min the 70's.
The largest telescopes currently in operation or planned are cmpletely different concepts, which bea littl e resemblance with
their former counterparts. They may be afador two larger in aperture size, but the comparison stops there. In many respeds, the
most recent large telescopes could be seen as preaursors of the next generation rather than foll ow-ups of the previous one.

Substantial size etrapadation is made possble by a combination of three fadors. First, it must alow fundamental science
objedives that would atherwise not be dtainable. Sewnd, it must be feasible within ressonable technology and engineaing
constraints. The third and eventually most determinant fador is aff ordability, in a broad sense.

Science objedives are largely determined by accomplishments made with present and past telescopes. Planning ahead into the
next decale, those will i nclude NGST and interferometers auch as VLTI, on top d HST and of a series of 8- to 10m telescopes
which will soon recéve alaptive optics cgpability. Sub-milli metric astronomy, with the Atacana Large Milli metric Array
(ALMA) will more than plausibly attadk unprecelented challenges as well. Radio astronomy readily provides sub-milli arc
seoond resolution. There is, indeed, unprecelented scientific motivation™? for the next generation of optica ground-based
telescopes to have extremely large gertures, much larger than twice those eisting today, and to attain the theoreticd resolution
such aperture would permit after corredion of atmospheric turbulence

As of today, technology realily alows extrapolation well beyond the traditional fador two per generation. This fador was
arguably the dired consequence of the tremendous difficulty of scding uyp mirror substrates. Optica fabrication processes are
inherently complex, and even a minor extrapolation may represent substantial risks and require heavy investments. All modern
telescope projeds gave top priority to developing mirror technol ogies overcoming this problem. All succealed remarkably well:
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1. Active optics telescopes like NTT, VLT, Subaru and Gemini demonstrate the feasibility and virtue of adive optics and
automated control of opticd quality;

2. TheKed telescope demonstrates the feasibility of segmented ogtics;
3. TheHobhy-Eberly telescope demonstrates that large segmented mirrors can be made & very low cost.

By alowing increase of aperture size without corresponding extrapolation of mirror fabrication processes, opticad segmentation
potentialy eliminates the limitation that traditionally sets the maximum aperture size to that allowed by opticd fabrication and
processes. Taking into acount the mirror technologies demonstrated by the @ove-mentioned projeds, the technologicd size
limitation for the future telescope generation hasto be found either in the control, medhanics, or adaptive optics.

Control complexity increases roughy like the gerture aea but related technologies progress very rapidly and there is no
conceptua difficulty in transposing current solutions to dmensions far larger than currently avail able.

Medhanics is certainly more demanding. Assuming a site with low wind speed, use of advanced materials for criticd structural
parts, adive optica components and moderately lightweight segments, the upper limit for a passve structure is acording to our
preliminary estimates of the order of 150-m height and/or width. Use of conventional, demonstrated technologies for the mirrors
and the mechanicd structure will probably lower the figure to about 120-m.

The limitations imposed by adaptive optics are ill to be evaluated. There ae, adualy, physicd reasons in favor of telescope
aperture in the 80-m range ad beyond®. Current developments in the aeaof adaptive mirrors, wavefront sensors and control
strategies may alow the enormous potential of tomographic adaptive optics to be redized within the next decale. This areg
however, should recave top priority within the next yeas.

The European Southern Observatory has initiated a phase A study for a amncept of a 100-m classopticd telescope, dubbed OWL
for OverWhelmingly Large, with multi-conjugate alaptive optics capability. For the reasons outlined above, we mnsider a
diameter of 100-m to be somewhat below the limit permitted by demonstrated technologies, adaptive optics %t aside.

According to our estimates, the st of OWL would be on the order of « 1 hillion i.e., about three times that of the VLT
program. Asauming that tomographic adaptive optics and associated technologies could be demonstrated within the next 3 to 4
yeas, the telescope muld become fully operational within about 18 yeas, with an ealier start with limited (but aready
unequall ed) cgpabiliti es within lessthan 16 yeas.

The mnceptual design phase has darted very recently and proposals made in this article should be mnsidered as very
preliminary. Effort initially concentrated on feasibility of the telescope optics, and has now shifted to mechanics. In both aress,
results are more promising than anticipated.

2 Top leve reguirements

The science objedives of OWL are described elsewhere® but can be summarized in two main requirements. The first is anguar
resolution such as to allow resolving galaxies that look barely — and tantali zingly! — resolved in HST and future NGST images.
This means resolutions comparable to what is arealy achieved/achievable with current or planned interferometric instruments
(i.e.<0.001").

The second requirement is extreme sensitivity to faint fluxes, idedly affording the detedion of Cepheids out to redshifts z < 1,
thereby measuring H(t), and to detea any supernova since the beginning of star formation in the Universe (z posshly = 10, i.e.
m=M = 50), implying ali miting magnitude of ~ 38.

Thistranglates diredly into a telescope with diffradion limited performance @rrespondingto D = 100m, and to a @lleding area
> 6000m” with agoal of 7000m’ (i.e. again D > 100m).

Thefield of view requirement is %t to 2 arc minutes with a goal of 3. Thisis considered a reasonable wmpromise between the
astronomers wish of having it as large & possble (the “scientific eficiency” being propationa for most scientific goals, and
espedaly in observational cosmology, to colleding area contrast, and field of view) and olvious obstades, both astronomica
(e.g. dynamic range problems due to bright objeds within the field) and technicd (e.g. opticd design complexity increasing very
rapidly with the field of view).
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The wavelength coverage should include the full ground window (opticd and nea infrared). Apart from the scientific aguments
in favor of this requirement, a strongimpulse is also given by the cnsideration that achieving milli arcsecond resolution imaging
a these wavelengths from the ground would avoid the need for spacetelescopes working in this domain: if diffradion limited
performanceis achievable from the ground, an equivalent fadlity in spacewould have to have esentialy the same dimensions,
with costs orders of magnitude higher. It is clea that while many cosmologicd studies will have to be done in the infrared to
compensate for redshift effeds, many others, like primeval supernovaeor the locd Universe, would need accessto much bluer
wavelengths.

The wavelength range is st to 0.3 — 2.5 um, where aground based 100m telescope would be much superior to e.g. HST and
NGST. The godl is to reat 12 um, where such telescope would be competitive with resped to spacein high resolution
spedroscopy and in the spatial resolution of the images.

Sky coverage should be & large a posshble, but in any case no lessthan 40% using tomographic adaptive optics.

The opticd quality requirement is %t to Strehl Ratio > 20% at A=500 nm and above, over the entire science field of view and
after adaptive corredion of atmospheric turbulence with a seeng angle of 0.5 arc seconds or better. We tentatively split this
requirement into telescope and atmospheric contributions:

¢ Lossof Strehl Ratio associated with all error sources except atmospheric turbulence < 30% (goa < 20%);
e Lossof Strehl Ratio associated with atmospheric turbulence< 50% (goal < 40%).

The opticd quality requirement impli es that part of the telescope erors have to be cmmpensated by the adaptive system.

3 Engineering and design consider ations

The objedives of the phase A are, first, to elaborate atechnicd concept of a reasonably feasible 100-m telescope fulfilli ng the
requirements st forth in sedion 2 above and second, to identify risk aress, to prioritize and plan development and design
adivities.

We give very strong priority to demonstrated feasibility, in a broad sense. Propased solutions must not only mee performance
requirements; to the maximum possble extent they must also:

«  bewithin the range of existing, demonstrated fabrication technologies;

»  be dfordable for the user community and cost-attractive to key suppliers;

o dlow start of operation within areasonably short schedule;

« dlow reasonable transport, integration, maintenance and operation schemes.

Cost is evidently a magjor design driver. We tentatively limit capital investment to 1 hlli on ¢, including al necessary hardware,
software and fadliti es required to make the telescope realy for operation in adaptive mode, with a palette of six instruments to
be defined, and taking into ac@unt ressonable wntingency.

Schedule onstraints imply that development time be minimized wherever posdble, which emphasizes reliance on proven
technologies for long-lea items.

Taking these mnstraints into consideration, high cost, long-lead items uch as the primary optics and telescope structure ae best
designed on the basis of a modular concept all owing ecnomies of scde and reasonable integration and maintenance schemes. A
modular design is aso favorable with resped to fabricaion, as it does not require dimensional scding of fabricaion and
processes. Findly, in some aiticd areasit allows shedule optimization as module fabrication can, to a cetain extent, start prior
to completion of the overall system final design.

Once aconcept islaid down, it isiterated with resped to individual module dharaderistics and complexity for optimal trade-off
between cogt, feasibility and overall system complexity. It should be noted that the amnceptual design of OWL is gill i n progress
i.e. module optimization has not yet started, and that full optimization is not part of the amnceptual design phase.

As mentioned above, the first objedive isto set up a baseline mncept whose @nstruction could readily be initiated. Advanced
technologies are not ruled out but, at this sage, may only be incorporated into the design as alternative solutions. Depending on
cost and performance merits of such alternatives, development and validation may evidently be wnsidered in an ensuing
preliminary design phase.
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Design adivities undertaken so far give mnfidence that a mnservative concept can probably be consolidated in a fairly short
time scde, exception being made for adaptive optics.

As ambitious as it may seem, the opticd quality requirement generaly trandates, at subsystem level, into uncriticd
spedficaions. Taking into acount adive and adaptive arredion capability, the dlowable telescope wavefront error would be
split i nto three @mponents:

1. Low spatia and time frequency errors, to be cvered by a suitable adive optics budget, e.g. adive forces applied to a
suitable monoalithic mirror (located in the crredor, seesedion 4 below).

2. Low gpatia frequency errors with time frequencies outside the adive optics range and mid-spatial frequency errors, to be
compensated by the adaptive optics g/stem.

3. Highspatial frequency errors, uncorreced.

140
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~100 waves of aberration for the lowest order terms). a0l N
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The third component must be well within the diffradion
limit. Assuming adaptive systems tail ored to an atmospheric
coherence Ienggt]h o?pZOO zm in the visible, and a rgguired Figurel. Allowable highspatial frequency wavefront errors
Strehl Ratio of 70% with a goal of 80%, Fig. 1 shows the (telescope only).

maximum allowable high spatial frequency wavefront residuals (uncorredable terms) as a function of spatial frequency. The
requirement ill ustrated in Fig. 1 daes not appea constraining for opticd fabricaion. In this gatial frequency range, for example,
the VLT primary mirrors are @out an order of magnitude better than spedfied in Fig. 1. It is, however, constraining for
all owable segmentation errors.

Spatial frequency (cycles / pupil radius)

4 Telescope design

Optics

Top level requirements imply an entrance pupil diameter of 100-m with a focd ratio of f/60 for 15 um pixel matching in the
visible. At this gage, the design must acommodate for multi-conjugate alaptive optics with either laser or natural guide stars.
The latter option evidently constrains the total field of view. According to current estimates®®, reasonable sky coverage in the
visible would require 8 to 12 arc minutes field dameter with natural guide stars, and 5to 6 arc minutes with laser guide stars. In
the following, thisfield is cdl ed technical field.

Although OWL is designed as an adaptive telescope, it is convenient, at this point, to break the design down into telescope optics
and adaptive modules. The design of the telescope optics is constrained as foll ows:

Segmented surfaces must be sphericd.

Structure height must be minimized.

Monolithic mirrors must have diameters not exceeling 8.2-m.

The design must provide diffradion-limited opticd quality within the sciencefield of view.
The design must provide seeéng-limited opticd quality within the technicd field of view.
Vignretting is all owed to the extent permitted by tomographic reconstruction of turbulent layers.

oukwdpE
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The first constraint results from cost considerations. Although aspheric segments could probably be made in a rather cost-
effedive manner (taking into acount, in particular, the probable relaxation of spedfications implied by adaptive crredion
cgpahility), their fabricaion inevitably impli es additional cost items.

The first and second constraints imply a fast spherica primary mirror, which in turn implies a large, sphericad and segmented
secondary® and additional corredive optics for the cmpensation of sphericd and field aberrations. The subsequent complexity
and loss of throughput should be evaluated in relation to cost. The higher fabrication cost of an aspheric mirror would most
likely imply, within a given budget, a reduction of telescope diameter, hence alossof colleding power and, worse, of anguar
resolution.

The third constraint results from the engineeiing considerations mentioned in sedion 3 above (mirrors this sze have drealy
been made). Thereis reasonable confidence that monoalithic mirrors with diameters of about 10 meters could be fabricated (most
probably in Silica) and this constraint might be relaxed at a later stage. Design adivities performed so far indicate that this will
probably not be necessary.

The fourth constraint is meant to exclude the need for compensation of design aberrations between the telescope and the adaptive
modules, thereby permitting off-axis design of adaptive modules. The fifth constraint is based on the aaumption that adive and
possbly adaptive wavefront sensing will be performed at the non-adaptive technicd focus, which implies moderate wavefront
excursion for reasonable sensing acairacy and range.

The last constraint is evident but its impli cations rather complex. It is cautious to asaume, at this point, that adaptive mirrors will
be quite limited in size in particular if they involve micro-aduation devices sich as MEMS or MOEMS. It may therefore be
impaossble to transfer the entire technicd field through the latter. However, non-relevant atmospheric turbulence data, which
correspond to layers areas not aff eding the science field, neal to be neither correded nor sensed. The @rresponding light rays
may therefore be vignetted and adaptive mirrors szed acwrdingly.

Several design solutions have been explored, and two pre-seleced for further optimizaion. These ae four- and six-mirror
solutions, with sphericd primary and secondary mirrors® (Fig. 2). Both include two large aspheric mirrors, the six-mirror design
having an additional aspheric mirror and a 2-m classflat. The latter would be idedly suited for field stabili zation. There is no
difficulty to achieve diffradion-limited quality over the science field. The most constraining fadors are the total field of view
and, with the six-mirror design, the need for suppresson of the stray light associated with the strong sphericd aberration
introduced by the primary mirror. Secondary mirror diameter is on the order of 34-m and structure height on the order of 120-m.
The four-mirror solution has a monolithic mirror larger than 8-m but at the time of redadion of this article, further optimization
was in progress al monolithic mirrors had been made smaller than 8.2-m, and the two designs had been brought to primary-
sendary mirror separations below 100-m.

The seledion of segments dimension is the result of a rather complex trade-off. Material and opticd fabrication costs, together
with mass passve suppat complexity, maintenance axd handling considerations point towards snaller and thinner segments.
Actuation costs, control complexity, reliability considerations as well as diffradion effeds and emissvity point towards larger
sizes. At this point, the most conservative gproach isto assume large segments sze, because of the major impad of the primary
mirror masson the medhanicd design (smaller segments trandlating into lower mirror mass hence better mechanicd design).
Further analysis and industrial studies will be required to complete the trade-off, at which point telescope design iteration may
bemme necessary. On-site mirror production being ruled out for technicd and cost reasons, the segment size onsidered so far is
2.3-m flat-to-flat, which is the maximum dimension for cost-effedive transport in standard containers. Within this limit,
secondary mirror segments may be at to more complex shape, in order to reduce the dfed of field-dependent mismatch with
primary mirror segments. Under this s£heme and with a segment size of 2.3-m, the primary mirror would be made of about 1,400
and the secondary mirror of about 200 segments, the latter shaped to the contour of groups of 7 hexagons.

In order to reduce the range of the high acaracy segments position aduators, segments would be grouped into modules (most
probably of 7 individual segments, with their individual suppart systems and adtuators), eadr module being positioned by large
range, sub-mm acairacy aduators.

Asaming standard quality Zerodur or Sili ca fabrication of segments blanks of up to 23-mis fully within the read of current
technologies and would require only modest investment in suitable production fadliti es. As for opticd processng, the most
effedive solution seeamsto be opticd figuring on planetary macdines, foll owed by one or two runs of ion-beam finishing much in
the same way the Hobhy-Ebberly segments were produced’. Opticd replicaion® may be an attradive dternative, but the
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durability of the masters and the predictability of surface stresses would be serious isaues. Total production time would not
exceal 10yeas, and could plausibly be brought down to 6-8 yeas. The estimated cost is on the order of « 28,000 per square
meter, ready for on-site integration.
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Figure2. Opticd layout. Left: two-mirror corredor; right: four-mirror corredor.

There ae evident incentives to explore dternative materials providing low aeial density, in particular sili conized SiC. Suppliers
fed confident that 2-m class SiC segments with agial density on the order of 50 Kg/m? (to be compared with ~250 Kg/m? for
glassceramics) could be supplied at the desired rate and with the same quadlity as with dgassceramics. Although there ae
plausible reasons for such SiC blanks to be produced at competitive st (e.g. relatively low material cost, fast process, the
technology is not demonstrated and the aithors fed that caution is mandatory when extrapolating opticd fabrication processes.
SiCistherefore not considered as a baseline, but its development for application to the OWL projed should neverthelessreceve
high priority.

Adaptive optics %t aside, the most challenging opticd fabrication asped of OWL is the highly aspheric surfacerequired for the
corredion of sphericd aberration. The progress of opticd fabricaion over the last two decales is such that generation of
strongly aspheric surfaces to dffradion-limited quality is not any longer an issue per se. Virtualy all technologies developed so
far —be it stressed lap, small tool computer-controll ed, membrane palishing or ion-beam finishing- have fulfill ed their promises™.
Any opticd figuring technique, however, requires a suitable test method. The designs presented above have therefore been
verified in this resped, and null -test set-upsidentified for the most aspheric mirrors®.

Adaptive optics is undoubtedly the most challenging asped of OWL, and requires substantial extrapolation from existing
technologies. An Adaptive Optics module for OWL would include 2 or 3 adaptive mirrors with 50,000 to 50Q000 adive
elements ead), for tomographic amospheric compensation in the nea-infrared and in the visible, respedively. The mnjugation
between adaptive mirrors and atmospheric layers appeas to be uncriticd and recent work indicaes that the number of adaptive
mirrors may be lower than the number of turbulent layers without substantial lossof performance

Under fairly conservative assumptions, it can be shown® that a sky coverage on the order of 40% could be adieved with a
Natural Guide Star (NGS) system, provided that the telescope provides a technicd field of about 12 arc minutes diameter, the
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maximum allowed by our current designs. A Laser Guide Star (LGS) system would allow a reduction of the technicd field of
view to about 5-6 arc minutes and lead to substantial simplification of the telescope optics.

Mechanics

Two mechanicad concepts' are being elaborated in parallel to the opticd designs. Structural parts are standardized to the
maximum possble extent, taking into acount fabrication, transport, and integration constraints. As opticad design is dill
progressng towards shorter structure height, virtually no design optimizaion has been done so far. Fig. 3 shows a preliminary
concept of an al-sted structure for the 6-mirror solution. It is an alt-azmuthal design, where an azmuth ring embedded into the
ground to minimize structure height above ground level replaces the mnventional fork structure. The design incorporates
primary mirror protedion in the form of four independent covers (not shown in Fig. 3) dliding over the mirror when the telescope
is pointing erticd. One of the mvers would be euipped with mirror cleaning and handling toadls. With this concept the
telescope can point to horizon for maintenance and in stand-by mode. Total massis about 20,000tons. In propartion to size the
structure concept is about one order of magnitude lighter than existing 8-m classtelescopes. The first eigenfrequency is a pure
rotational mode eout the opticd axisat 1.1 Hz; the first significant global modeis above 2 Hz.

2,

e

Figure3  Telescope structure and azmuth tradks (6-mirror opticd design)

Static primary-secndary mirrors decenters between 0 and 6@ zenitha distance ae on the order of 40 arc seconds tilt, 65 mm
lateral and 10 mm axia. Preliminary analysis indicae these decenters need to be mmpensated within an acaracy of ~5%,
residua effeds being taken care of by adive optics (decenters of suitably chosen elements of the mrredor). The dfed of static
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wind load is found to be negligible up to ~10 m/s; dynamic loads can however become an issie and may require vibration-

damping mechanisms™ to be incorporated into the design. These damping systems could also improve survival in case of
eathquake.

Segmented drives comparable to those of the VLT elevation drives would achieve accetable kinematics: 3 minutes for 90°
elevation range, 12 minutes for 36(° azmuth range, maximum centrifugal acceeration not exceading 0.1 g at any location of the

structure, and 1 degree z@ithal blind angle. The number of motor segments would be on the order of 200for elevation and 400
for azmuth.

The designs being in a very ealy phase, these numbers are only indicaive and improvement is certainly possble. The designs
must also be optimized with resped to criteria other than mass inertia, and stiffness Relevant constraints include st,
fabricaion, transport, integration and maintenance (including handling and safety aspeds), on top d optica obstruction, residual
stresses, environmental loads, thermal inertia, and dust acaimulation.

It is asaumed that the telescope will operate in open air, a wnstraint that cdls for a site with appropriate wind charaderistics and
relatively fast segments acuation. During daytime and under adverse meteorologicd conditions, the telescope would have to be
proteded by a movable enclosure. Asauming that the telescope can point to horizon (to minimize enclosure height) and is located
in a seismicdly stable aeg we do not exped the design and eredion of such enclosure to be of criticd concern. However, no
design adivity has been urdertaken so far and paential costs have not been explored yet.
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Figure3 Major mil estones

5 Schedule and cost estimates

Schedule and cost estimates have initially focused on the telescope optics, the production of the primary mirror segments being
initialy thought to be on the aiticd path. Discussons with potential suppliers $owed that this assumption was pesgmistic:
continuous operation of the planetary pali shers being desirable for machine stability, all segments could be delivered within 6 to
8 yeas production time. A first iteration places civil works, telescope mecdhanics and enclosure on or nea the aiticd path for the
technicd first light (first light with ~21 segments, seeéng-limited, incoherent). Subsequent events mostly depend on segments
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1 OPTICS 378

1.1 Primary mirror unit 295
1.2 Secondary mirror unit 34
13 M3 unit 14
1.3 M4 unit 21
13 M5 unit 5
1.3 M6 unit 8
2 ADAPTIVE OPTICS 50

2.1 Prototype 5
2.2 Visible AO module 30
2.3 IR AO module 15
3 MECHANICS 244

3.1 Nodes 31
3.2 Beams 35
3.3 Rocking chair & azimuth tracks 51
3.4 Cable wraps 5
3.5 Bearings 30
3.6 Drives 20
3.7 Mirror shields 15
3.8 Adapters 6
3.9 Erection 50
4 CONTROL SYSTEMS 17

4.1 Telescope Control System 5
4.2 M1 Control System 8
4.3 M2 Control System 2
4.4 Active optics Control System 2
5 CIVIL WORKS 175

5.1 Enclosure 60
5.2 Technical facilities 30
5.3 Site infrastructure 20
5.4 Concrete 65
5 INSTRUMENTATION 45
TOTAL WITHOUT CONTINGENCY 908
CONTINGENCY 10% 92
TOTAL 1000
Tablel OWL Cost estimate

integration rate. According to this first iteration, segments could be
delivered at least one yea before they are needed on the site. On-site
storage ould be eaily implemented at minor cost (about 200
segments i.e. ~15 standard containers) and therefore the segments
integration rate, currently planned to correspond to about one module
per week, could be aljusted after technicd first light to allow ealier
completion. For example, duplicaing the on-site segment integration
line would provide scheduling flexibility after structure integration.
We fed, however, that further consolidation is necessary before
considering a fast-tradk mirror integration approach.

The schedule is tentatively drawn on the assumption of a threeyea
phase A leading to a proposal approved by mid-2003 Figure 3 shows
major projed milestones, as derived from current estimates, and
ill ustrates nothing more than what we airrently believe to be possble
from a pure technicd point of view. Science operation could start, on a
reduced basis, at arather ealy stage. It could even be envisaged that a
first generation of instruments be spedficdly built to this end, e.g. a
high resolution spedrograph to be operated in non-adaptive mode &
ealy as 2013(with atelescope wlleding power equivalent to a~25m
aperture and increasing rapidly) and a high resolution nea-IR imager
to enter into operation by the end of 2014

The schedule encompasses approximately 8 yeas of R& D for adaptive
optics, including ~3 yeas during phase A.

The budget is tentatively fixed to 1 hlli on Euros, and the contingency
adjusted acording to total cost estimates (table 1). The figures given
for the telescope optics and mechanics represent estimates; al other
figures should be considered, at this gage, as al ocaions.

The spending profile would most likely ramp up after groundbre&king,
and deaease progressvely after technicd first light.

6 Conclusions

ESO has darted a Phase A study of OWL, a concept for a 100m fill ed aperture telescope. Preliminary designs and analyses of
the most basic aspeds of the projed, in particular optics and medhanics, have shown that no olbvious ow stoppers can be
identified even at a level substantially more advanced than our original study’. The airrent preliminary baseline design is
considered “feasible” with today’ s technology at “reasonable” cost (below one billi on Euros) and schedule (lessthan 20 yeas).

Our plans include cnsolidation of the baseline design within the next yea or so, including an optimizaion phase to begin
studying in detail the major subsystems and the start of a vigorous program of R& D on multi conjugated adaptive optics. We will
also begin in eanest to seach for a posshle site, as ste charaderistics are aucia in determining severa key aspeds of the
opticd and mechanicd designs as well asin setting the requirements for the alaptive optics.

Submitted at the Workshop on Extremely Large Telescopes, Badkaskog, Sweden, June 1-2, 1999



References

1

Nk WDN

9.

M. Mountain, What is beyond the current generation of ground-based 8-m to 10-m class telescopes and the VLT-1?, SPIE
2871, pp. 597-606, 1996

R. Gilmozz, Science with OWL, this conference

R. Ragazzoni, No Laser Guide Stars for adaptive opticsin giant telescopes?, A&AS, 1999 136, 205,

F. Rigaut, this conference

N. Hubin, M. le Louarn, New Challenges for Adaptive Optics. the OWL Project, this conference

P. Dierickx et a, The Optics of the Owl 100-m Adaptive Telescope, this conference.

F. Carbone, Innovations make large-segment-mirror telescopes more affordable, Laser Focus World, Aug. 1998 229,

P. Asaus & a, Performance and potential applications of replica technology up to the 1-m range, SPIE 2199 pp. 870-877,
1994

P. Dierickx, Optical Fabrication in the Large, this conference.

10. E. Brunetto et al, this conference
11. R. Gilmozz et a, The future of filled aperture telescopes: isa 100m feasible?, SPIE 3352 pp. 778791

Submitted at the Workshop on Extremely Large Telescopes, Badkaskog, Sweden, June 1-2, 1999



